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This paper reviews from the corpus of literatures on high-entropy alloys (HEAs), their
mechanical and corrosion behavior as affected by metallurgical factors such as processing
technique, composition, phase formation and transition. HEAs are a promising class of alloys
which are designed based on the use of multiple component alloying elements in equimolar
or  near equimolar ratio. There has been surging interest in this class of alloys on account of
their unique property range. Their unique metallurgical characteristics, structures, mechan-
ical  and corrosion properties, current and potential areas of applications, and suggestions
for  future research are discussed in this paper.
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.  Introduction
he design of HEAs is a relatively new path in the development
f advance materials with unique properties unmatched by
lloys produced by conventional alloy development approach
hich is based on only one dominant element [1,2]. High
ntropy alloys are loosely deﬁned as solid solution alloys that
ontain more  than ﬁve principal elements in equal or near
qual atomic percent [3,4].
Previous studies [5,6] have shown that HEAs predominantly
onsist of a simple face centered cubic (FCC), body centered
ubic (BCC), or FCC + BCC structure solid solution phase owing
o the high entropy of mixing, instead of many  intermetallic
hases or other complex phases. However, small quantities
f intermetallic compound phase/metastable particles have
een observed in some HEAs [7]. From Hume–Rothery rules,
e  recognize the factors that affect the formation of binary
olid solutions, which include atomic size difference, valence
lectron concentration (VEC), crystal structure of the solute
nd solvent atoms and difference in electronegativity [8].
esides these factors, enthalpy and entropy of mixing are
he most important phase formation parameters for HEAs.
igher entropy of mixing will lead to a lower Gibbs free
nergy (G = Hmix − TSmix) which tends to stabilize the
ormation of solid-solution phases, rather than intermetallic
hases. For multi-component systems, the ratio entropy and
nthalpy of mixing (TSmix/Hmix) would be more  important
o predict the formation of solid solution phases, and thus,
 parameter  ˝ can be deﬁned  ˝ = TmTS/Hmix where Tm
s the average melting point of the alloy system. Solid solu-
ion phase tends to form as long as  ˝ > 1 is satisﬁed which
eans that the effect of the entropy of mixing is greater than
hat of the enthalpy of mixing at the melting temperature
9].
Zhang et al. [8] and Guo et al. [10] studied the effect of these
arameters on the phase formation of HEAs and obtained sim-
lar conclusions: the formation of simple or complex phases
epends mainly on the enthalpy of mixing, entropy of mixing,
nd atomic size differences.
Guo et al. [11] investigated the effect of valence electron
oncentration on stability of FCC or BCC phase in high entropy
lloys and suggested the valence electron concentration (VEC)
an be used to predict the BCC and FCC structured solid solu-
ions of HEAs. Fig. 1 summarizes the relationship between
he structure and VEC, it is observed that BCC structured
olid solution forms when VEC < 6.87; while for FCC struc-0 1 6;5(4):384–393 385
ture VEC ≥ 8, mixed FCC and BCC phases will co-exist when
6.87 ≤ VEC < 8.0.
The metallurgical nature of HEAs impacts on them rare
property combinations which gives them the potentials for
use in a wide range of engineering applications. HEAs are
known to have good thermal stability [12], high hardness
and strength [13,14], excellent wear resistance [15], distinctive
electrical, magnetic properties [16] and impressive corro-
sion resistance [17–19]. HEAs are also reported to possess
high hardness and high compressive strength both at room
temperature and elevated temperatures [20,21]; and great
integrated tensile properties, including both high ultimate
tensile strength and reasonable ductility [22]. Some of these
spectrums of properties are rarely observed in conventional
alloys, making HEAs attractive in many  ﬁelds. The fact that it
can also be used at high temperatures broadens its potential
application base even further. For instance, superior structural
alloys are in high demand for extreme and highly sensi-
tive engineering service environments, particularly in the
nuclear, turbine, and aerospace industries. The properties of
HEAs make them suitable candidates for use in such environ-
ments.
Overall, it has been reported that the FCC-structured HEAs
exhibit low strength and high plasticity, while BCC-structured
HEAs show high strength and low plasticity. Thus, the type
of crystal structure is a dominant factor for controlling the
strength or hardness of HEAs [5,10]. More than 30 elements
have been reportedly used to prepare over 300 HEAs, form-
ing an exciting new ﬁeld of metallic materials [23]. This paper
brieﬂy reviews the physical metallurgy of HEAs, including
processing routes, areas of application; and effects of produc-
tion methods and alloying elements on the phase transitions,
mechanical properties, and corrosion behavior of HEAs.
2.  Processing  routes  of  HEAs
Presently, the processing routes for HEAs can be classiﬁed
based on the starting states for the alloy preparation [24]. Basi-
cally, mechanical alloying followed by isostatic pressing, arc
melting and surface coating (plasma spray and laser coating)
are used for processing HEAs. Other processing techniques
such as electrochemical preparation of HEAs are evolving.
2.1.  Processing  by  mechanical  alloying
Mechanical alloying is a solid state powder processing
technique involving repeated cold welding, fracturing, and
re-welding of powder particles in a high-energy ball mill [25].
Mechanical alloying has been reported to have the capability
of synthesizing a variety of equilibrium and non-equilibrium
alloys starting from blended elemental or pre-alloyed pow-
ders [26]. Mechanical alloying is peculiar to metal powder
processing, where metal powders are mixed to produce super
alloys. Mechanical alloying occurs in three steps. First, the
alloy materials are combined in a ball mill and ground to
ﬁne powders, this is followed by hot isostatic pressing (HIP)
to simultaneously compress and sinter the powders. Finally,
heat treatment is carried out to relief existing internal stresses
produced during cold compaction. The mechanical alloying
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Fig. 1 – Relationship between VEC and the FCC, BCC phase stability for HEA systems. Notes:  Fully closed symbols for sole
FCC phases; fully open symbols for sole BCC phase; top-half closed symbols for mixes  FCC and BCC phases after [11] with
permission from Elsevier.
process has successfully been used to produce alloys suitable
for high temperature application and notable aerospace
components [27]. HEAs produced by mechanical alloying
followed by consolidation, possess a higher pore density
than samples fabricated by casting. However, the melting
route leads to segregation problems, while by the mechanical
alloying process, homogenous chemical distribution and
solid solubility extension can be reached [26]. In addition,
mechanical alloying is a powerful solid state processing
method, which can easily be used to produce nano-crystalline
materials with superior properties.
2.2.  Processing  by  arc  melting
Arc melting is the most popular liquid processing method for
HEAs. The production of HEAs is achieved via melting of var-
ious elements severally (at least ﬁve times) in the arc melting
furnace [28]. The torch temperature of the arc melting furnace
can be very high (>3000 ◦C), and can be controlled by adjusting
the electrical power. Hence most of the high melting elements
can be mixed in their liquid state by this kind of furnaces.
However, arc melting may not be suitable for elements with a
low melting point (Mg, Zn, and Mn), which evaporates easily,
making composition control difﬁcult. In this case, resistance
heating or induction heating may be much more  appropriate.
2.3.  Plasma  spray  process
Plasma spray process is a liquid processing method. The pro-
cess involves plasma spraying of HEA coating on a pre selected
metal substrate at a high velocity, giving it a smooth protec-
tive layer [29]. In this process, ﬁnely divided HEA powders are
initially melted on prepared substrates in order to form spray
deposits. The required heat is generated by combustible gases
or electric arcs in the thermal-spraying gun. As the target
material is gradually heated up, it is converted to a molten
state, and will be accelerated by the compressed gas. The con-
ﬁned stream of particles is carried to the substrate, and strikes
the surface to ﬂatten and form thin platelets. These platelets
are compatible with the irregularities of the prepared surface
and to each other. Moreover, these sprayed particles areaccumulated on the substrate by cooling and building up one
by one into a cohesive structure. Thus, coatings are formed.
2.4.  Processing  by  laser  cladding
The laser cladding process has some advantages, which
includes fast heating and cooling, more  uniform and dense
cladding, and less microscopic defects. Also micro-cladding is
easily achieved, thermal impact on the matrix is minimal and
small rate of dilution is observed [30]. This technology is simi-
lar to the plasma spray method in that it has an energy source
to melt the feed stock that is being applied to a substrate. What
differs is it uses a concentrated laser beam as heat source, and
it melts the substrate that the feed stock is being applied to.
This technique normally results in a metallurgical bond that
has superior bond strength over plasma spray technique. One
of the advantages of the laser-cladding process is that the laser
beam can be focused and concentrated on a very small area,
which makes the heat-affected zone of the substrate very shal-
low. This feature minimizes the chance of cracking, distortion,
or change in the metallurgy of the substrate. Additionally, the
lower total heat minimizes the dilution of the coating with
materials from the substrate [31].
3.  Current  and  potential  applications  of
HEAs
HEAs are currently deployed for use as functional and struc-
tural materials with great potential for selection in a wide
range of other applications. Presently:
(1) HEA are used as solder and brazing ﬁller for welding pure
titanium and chromium–nickel–titanium stainless steel,
cemented carbide and steel, respectively [24].
(2) HEAs have successfully been employed in the nuclear
industries. Their improved irradiation and high corro-
sion resistance make HEAs potential candidates for the
cladding of materials used in nuclear fuels and high pres-
sure vessels [32].
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Fig. 2 – True stress–strain curve of entropy alloy system for
Al concentrations of (a) direct laser sintered and (b)
arc-melted AlxCoCrFeNi HEA with Al concentrations of
x = 0.3, 0.6, 0.85 after [38] with permission from Elsevier.j m a t e r r e s t e c h n 
3) HEAs are used as heat-resistant or wear-resistant coatings.
New technologies are needed to make the HEAs coating
more  uniform and with high cohesion with substrates [33].
4) High-entropy carbides and nitrides can potentially be used
as biomedical coatings. They may potentially be usable as
diffusion barriers and hard coatings on tool cutting steels
[34].
5) The special physical properties of HEAs, for example,
Al2.08CoCrFeNi, with near constant resistivity would make
them useful for electronic applications [35].
6) Light-weight HEAs could be used as casings for mobile
facilities, battery anode materials, and transportation
industry.
.  Inﬂuence  of  production  route  and
lloying  elements  on  the  microstructure  and
echanical  properties
he attractive properties of HEAs at room and elevated tem-
eratures have been noted as a major attraction for its
onsideration for use in so many  applications including tur-
ine, nuclear and aerospace industries [36,37]. Some of the
revious studies on the inﬂuence of production techniques
nd alloying elements on the microstructure and mechanical
roperties of HEA are presented in this section.
.1.  Inﬂuence  of  production  route
ithin et al. [38] compared the microstructure and mechanical
roperties of direct laser and arc-melted AlxCoCrFeNi (x = 0.3,
.6 and 0.85) produced high entropy alloys. Room temperature
ompression testing showed very similar mechanical behav-
or and properties for the two different processing routes.
he authors observed that irrespective of the processing tech-
ique the strength of AlxCoCrFeNi high entropy alloy system
ncreased with increase in Al concentration (Fig. 2) at the
xpense of ductility.
In another study, CoCrFeNiAl high-entropy alloy was suc-
essfully synthesized by mechanical alloying [39]. It was
eported that a BCC structured solid solution was obtained
fter 30 h. The BCC phase exhibited high phase thermal sta-
ility up to 500 ◦C, and gradually transformed into an FCC solid
olution above 500 ◦C. The bulk specimens showed high Vick-
rs hardness of 625 HV and compressive strength of 1907 MPa,
hich are due to the solid solution strengthening and BCC
tructure ultraﬁne grains.
Weiping et al. [40] fabricated FeNiCrCo0.3Al0.7 high entropy
lloy (HEA) by mechanical alloying and spark plasma sintering
rocess. The formation of a supersaturated solid solu-
ion with body-centered cubic (BCC) structure was reported
uring mechanical alloying, which partially transformed
o face-centered cubic (FCC) structure during SPS. Bulk
eNiCrCo0.3Al0.7 alloy with little porosity exhibits much bet-
er mechanical properties except compression ratio compared
ith other typical HEAs of FeNiCrCoAl HEA system [41]. The
ield strength, compressive strength, compression ratio and
ickers hardness of FeNiCrCo0.3Al0.7 alloy are 2033 ± 41 MPa,
635 ± 55 MPa,  8.12 ± 0.51% and 624 ± 26 HV, respectively. The
racture mechanism of bulk FeNiCrCo0.3Al0.7 alloy is domi-nated by inter-crystalline fracture and quasi-cleavage fracture
[40,41].
Baldenebro-Lopez et al. [42] investigated the synthesis of
AlCoFeMoNiTi high entropy alloy through sintering and arc
melting. They observed the formation of Mo-rich and Ti-rich
phases in the melted sample, while Ti-rich nano-precipitates
were identiﬁed in the sintered sample. Their ﬁndings also
show that a higher microhardness value was achieved on the
sintered sample than for the melted sample. This was reported
to be on account of (1) the greater chemical homogeneity (less
formed phases) in the sintered sample; (2) its lower grain size
after sintering in comparison to the as-cast sample; and (3) the
formation of nanocrystalline precipitates even with a greater
porosity than the as-cast sample. Wang et al. [43] reported
a hardness value of 500 HV for an AlCoCrFeNi alloy and Hsu
et al. [44] reported a hardness of 730 HV for an AlCoCrFeNiMo0.5
system. Both alloys were produced by arc melting under a pro-
tective atmosphere of argon. It is evident that the addition of
Mo has a signiﬁcant effect on the hardness.
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Fig. 3 – Compressive true stress–strain curves of
AlCoCrFeNiTix high entropy alloy after [45] with permission
from Elsevier.
Generally, it is observed that the processing route employed
for the fabrication of HEAs greatly affects the solid solution
phases and mechanical properties. The SPS processed HEAs
appeared to have much better mechanical properties com-
pared to MA  and arc melting processed HEAs.
4.2.  Effect  of  alloying  elements
4.2.1.  Titanium
Zhou et al. [45] studied the effect of Ti alloying on
AlCoCrFeNiTix, (x = 0, 0.5, 1, 1.5). It was reported that the alloy
system is composed primarily of the BCC solid solution and
possesses excellent room-temperature compressive mechan-
ical properties. Of all the alloy systems as observed in Fig. 3,
the AlCoCrFeNiTi0.5 alloy appeared to have a superior combi-
nation of the yield stress, fracture strength, and plastic strain,
which are superior to values obtained for most high-strength
alloys, such as bulk metallic glasses [46].
4.2.2.  Aluminum  and  copper
Fan et al. [47], designed (FeCrNiCo)AlxCuy high-entropy alloys
and studied the inﬂuences of Al and Cu elements on the
micro-structure and mechanical properties of the alloy. They
observed that as Al element level increased from 0.5 to 1,
the microstructure of the alloy system changed from FCC
structure to duplex FCC plus BCC structure and then a single
BCC structure. Increase of Al concentration greatly enhanced
Young’s modulus, hardness and yield strength of these alloys.
Cu-rich phase formed in the alloys when Cu was in high levels.
Increase of Cu concentration signiﬁcantly decreased fracture
strength of the high-entropy alloys when Al was in the level
x = 1.
The study carried out by Li et al. [48] reported that the
structure of as-cast FeCoNiCrCu0.5Alx high-entropy alloys
transforms from FCC phase to BCC phase with increase in Al
content. The stable phase of FeCoNiCrCu0.5Alx HEA transforms
from FCC phase to FCC + BCC duplex phases when x value
increases from 0.5 to 1.5. The hardness of BCC phase is higher
than that of FCC phase, and the corrosion resistance of BCC. 2 0 1 6;5(4):384–393
phase is better than FCC phase in NaCl and acid medium. They
concluded that high hardness and good corrosion resistance
can be obtained in as-cast FeCoNiCrCu0.5Al1.0 alloy.
4.2.3.  Vanadium  addition
Dong et al. [49] investigated the effects of vanadium addi-
tion on the microstructure and mechanical properties of
AlCoCrFeNiVx (x values in molar ratio, x = 0, 0.2, 0.5, 0.8, 1.0)
alloys. For AlCoCrFeNiV0.2 alloy, the compressive strength and
plastic strain were as high as 3297.8 MPa and 26.8%, respec-
tively, which are rare in high entropy alloys as observed in
Fig. 4. The ﬁne nanoscale spinodal decomposition microstruc-
ture was a key factor for the high fracture strength of
AlCo–CrFeNiV0.2 alloy [50]. The Vickers hardness increased
almost linearly from HV534 to HV648.8 with the increase of
V element (Fig. 3). In Al0.5CoCrCuFeNiVx alloy system [51], it
was reported that, with increase in V content from x = 0 to
x = 3.0, the crystal structure of the alloys transforms from FCC
to FCC + sigma phase, then to BCC structure, which shows that
the V element can stabilize the BCC structure. An increase in
hardness with increase in Vanadium was also reported. Simi-
lar observations were also reported by Stepanov et al. [52].
4.2.4.  Niobium  addition
In AlCoCrFeNiNbx alloy system, it was found that additions
of Nb caused the precipitation of a Laves phase with a HCP
structure, and as the Nb content is increased, the resultant
micro-structure changed from hypoeutectic to hypereutectic
and such transition had a striking (increase) effect on the
compressive yielding strength and Vickers hardness [53]. How-
ever, the presence of Al makes it impossible to accurately
clarify effects of Nb on the phase stability of the CoCrFeNi-
based alloys since aluminum is a strong BCC stabilizer and
its addition into this system is a major complication to the
strengthening and phase formation [54]. This led to further
investigation by Liu et al. [55], they synthesized a series of
ﬁve-component CoCrFeNiNbx HEAs to investigate alloying
effects of Nb on the structure and tensile properties. It was
found that the microstructure changes from the initial single
face-centered cubic (FCC) to duplex FCC plus hexagonal close-
packed (HCP) structure with additions of Nb. The alloy system
exhibits a hypoeutectic structure and the volume fraction of
the Nb-enriched Laves phase with the HCP structure increased
with increasing the Nb content (Fig. 5).
It is noted that both the fracture and yield strengths
increase as the Nb concentration increases. Speciﬁcally, the
fracture and yield strengths of alloy Nb0 are 413 MPa and
147 MPa, respectively, but increase signiﬁcantly to 1004 MPa
and 637 MPa, respectively, in alloy Nb0.412. In contrast, the ten-
sile elongation reduced appreciably from 49.1% in alloy Nb0 to
1.3% in alloy Nb0.412.
4.2.5.  Molybdenum  addition
Dong et al. [56] investigated the effects of the addition of
various amounts of Mo on the microstructures and mechan-
ical properties of AlCrFeNiMox (x = 0, 0.2, 0.5, 0.8, 1.0) high
entropy alloys. XRD results revealed that the crystal struc-
ture transformed from two BCC phases to one BCC phase
plus FeCrMo-type sigma phase. As the Mo content increases
from x = 0 to x = 0.5, the yield strength increased substantially
j m a t e r r e s t e c h n o l . 2 0 1 6;5(4):384–393 389
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1512.5 MPa and from 0.287 to 0, respectively (Fig. 6). On the con-
trary, the hardness value of the alloys increased signiﬁcantly
from Hv472.4 to Hv911.5.
 n o l 390  j m a t e r r e s t e c h
4.2.6.  Silicon  addition
Liu et al. [57] evaluated the microstructures and properties
of Al0.5CoCrCuFeNiSix HEA. The authors reported that the
addition of Si destabilized the FCC structure and introduced
the transition from a closed-packed FCC structure to a loose-
packed BCC structure to relax the lattice distortion energy due
to the smaller radius of Si. They also observed that as Si con-
tent increases, compressive strength of the alloys increased,
while ductility decreased.
4.2.7.  Tin  addition
The effect of Sn addition on high-entropy FeMnNiCuCoSnx
(x = 0, 0.03, 0.05, 0.08, 0.1 and 0.2) was investigated by Liu et al.
[58]. They reported that the alloys exhibited good plasticity,
and that the concentration of Sn element played a signiﬁ-
cant role in the microstructure and tensile properties. When
0.03 < x < 0.05, the alloys exhibited high tensile strength and
plasticity, and the maximum elongation strain and strength
are 16.9% and 476.9 MPa,  respectively, because of their sin-
gle FCC solutions. An intermetallic compound (Cu5.6Sn) in the
interdendritic regions formed with the concentration of Sn
higher than 0.05, which degrades the ductility of alloys. The
hardness was also observed to increase with increase in the
concentration of Sn.
5.  Inﬂuence  of  production  route  and
alloying  elements  on  the  corrosion  behavior  of
HEAs
HEAs have been reported to exhibit very good corrosion resis-
tance compared to other metallic systems and alloys. Some
of the studies on the inﬂuence of production techniques and
alloying elements on the corrosion behavior of HEAs are dis-
cussed in this section.
5.1.  Inﬂuence  of  production  route
The corrosion behavior of laser cladding processed AlCr-
FeCuCo high-entropy alloys studied using electrochemical
workstation was reported by Qiu et al. [59]. The authors
reported that, with increase in the scanning speed, the alloy
corrosion resistance performance shows an enhancement in
the ﬁrst and then a weakened trend. They concluded that
under the same conditions of scanning speed, the corrosion
resistance of AlCrFeCuCo HEAs in 1 mol/L NaCl solution is bet-
ter than in 0.5 mol/L H2SO4 solutions.
In another study, the corrosion behavior of laser cladding
proceeded Al2CrFeNiCoCuTix high-entropy alloy coatings was
investigated [60]. Ti element was reported to promote the
formation of BCC structure to a certain extent. The authors
compared the corrosion behavior of the HEA with Q235
steel and observed that the free-corrosion current density
of Al2CrFeNiCoCuTix high-entropy alloy coatings is reduced
by 1–2 orders of magnitude, which makes the free-corrosion
potential to be more  “positive”. The corrosion resistance of
Al2CrFeCoCuNiTix high-entropy alloy coatings was enhanced
in 0.5 mol/L HNO3 solutions with increasing Ti content.
High entropy alloy coatings were synthesized on aluminum
substrate by laser surface engineering [31]. Dilution from. 2 0 1 6;5(4):384–393
the substrate was minimized with the aid of multi-layered
coatings. They observed that higher laser input energy during
processing lead to uniform mixing amongst the components
resulting in formation of evenly distributed high entropy alloy
phases throughout the matrix. This resulted in enhanced cor-
rosion resistance of the coatings in near neutral NaCl solution.
5.2.  Inﬂuence  of  alloying  elements
5.2.1.  Copper  addition
Hsu et al. [61] and Lin et al. [62] reported that the addition
of Cu to CoCrFeNi alloy leads to the formation of Cu-rich
inter-dendritic phase, which suffers from galvanic corro-
sion and severely degrades the corrosion resistance. Hsu
et al. [61] observed that the passive ﬁlm on the Cu-rich
interdendrite regions does not offer good protection, which
narrows down the passivation region. They suggested that the
corrosion behavior can be improved by reducing the amount
of Cu-rich phase via high-temperature annealing.
The corrosion behavior of CuCrFeNiMn HEAs in 1 M H2SO4
solution was reported by Ren et al. [63]. The results show
that the HEAs exhibited a good corrosion resistance that is
mainly inﬂuenced by Cu content and elemental segregation
degree. The corrosion resistance degraded when increasing Cu
content and elemental segregation degree. Among the tested
alloys, the 2Mn2 alloy with low Cu content and elemental seg-
regation degree displayed better general corrosion resistance.
On the contrary, the Cu2CrFe2NiMn2 alloy with high Cu con-
tent and elemental segregation degree exhibited the worst
general corrosion resistance.
5.2.2.  Aluminum  addition
Lin et al. [64] studied the corrosion properties of high-entropy
Al0.5CoCrFeNi alloy. The authors reported that the addition of
Al signiﬁcantly reduced the pitting potential and increased
the area of localized/pitting corrosion of these alloys in NaCl
solution. This is an indication that Al is detrimental to the
corrosion resistance of the AlxCrFe1.5MnNi0.5 alloys in saline
environment. It was also reported [17,65] that the addition of
Mo to the Co1.5CrFeNi1.5Ti0.5Mox alloy affected the corrosion
behavior positively. Their ﬁnding revealed that the alloy has a
wide passivation region of 1.43 V in 1 M NaCl (increased pitting
potential) and does not suffer from any pitting corrosion.
Lee et al. [66] compared the electrochemical properties
of Al0.5CoCrCuFeNi alloy with that of 304 stainless steel in
deaerated 1 M H2SO4 solution. The authors reported that the
corrosion potential (Ecorr) of the Al0.5CoCrCuFeNi HEA (−0.080
VSHE) is apparently higher than that of the 304 stainless
steel (−0.151 VSHE), the corrosion current density (Icorr) of
the Al0.5CoCrCuFeNi HEA (3.19 A/cm2) is also observed to
be lower than that of the 304 stainless steel (33.18 A/cm2).
Additionally, the 304 stainless steel has a wider region of the
passive potential than the Al0.5CoCrCuFeNi HEA. This clearly
indicates that the Al0.5CoCrCuFeNi alloy is more  resistant to
general corrosion than the 304 stainless steel (higher Ecorr,
lower Icorr) in the 1 M H2SO4 solution.5.2.3.  Titanium  addition
Liu and Guo [67], compared the microstructure and electro-
chemical behavior of AlFeCuCoNiCrTix (x = 0.5, 1.0, 1.5) high
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ntropy alloys with that of commercial 304 stainless steel in
.5 mol  H2SO4 solution and 1 mol  NaCl solution. The results
eveal that the AlFeCuCoNiCrTix (x = 0.5, 1.0, 1.5) high entropy
lloys is mainly composed of FCC structure and bcc struc-
ure. Polarization curves show that, compared with that of
04 stainless steel, the alloys exhibit lower corrosion rate in
.5 mol  H2SO4 solution, however, the pitting corrosion resis-
ance is superior to that of 304 stainless steel in 1 mol  NaCl
olution.
.3.  Corrosion  behavior  of  HEAs  and  stainless  steel
iu [68] studied the electrochemical properties of AlCr-
eNiCoCu HEAs, and made a comparison of corrosion
roperties between the HEAs and the type-304 stain-
ess steel 1 mol/L NaCl solution. The corrosion kinetic
arameters of the alloy are obtained by linear ﬁtting:
ree-corrosion potential Ecorr = −0.012 V; free-corrosion cur-
ent density Icorr = 3.23 × 10−9 A/cm2. At the same exper-
mental conditions, Qiu and Zhang [69] reported that
orrosion kinetic parameters for 304 stainless steel: free-
orrosion potential Ecorr = −0.238 V; free-corrosion current
ensity Icorr = 3.50 × 10−7 A/cm2. The author observed that the
ree-corrosion potential of the AlCrFeNiCoCu high entropy
lloys is more  “positive” compared to that of 304 stainless
teel, and the free-corrosion current density is reduced by two
rders of magnitude.
.4.  Inﬂuence  of  solidiﬁcation
ongbao et al. [70] investigated the microstructure and cor-
osion behavior of FeCoNiCrAl high entropy alloy under
irectional solidiﬁcation in 3.5% NaCl solution. The results
howed that with increasing solidiﬁcation rate, the interface
orphology of the alloy evolved from planar to cellular and
endritic. The authors reported that the corrosion products of
oth non-directionally and directionally solidiﬁed FeCoNiCrAl
lloys appeared as rectangular blocks in phases which Cr and
e are enriched, while Al and Ni are depleted, suggesting that
l and Ni are dissolved into the NaCl solution. It was observed
hat the corrosion resistance of directionally solidiﬁed FeCoN-
CrAl alloy is superior to that of the non-directionally solidiﬁed
eCoNiCrAl alloy in a 3.5% NaCl solution.
.  Summary  and  suggestions  for  future
esearch
EAs have shown promise and demonstrated unique and
ttractive properties for various engineering applications. This
aper reviewed various aspects of the physical metallurgy
f HEAs, including processing routes, areas of application,
ffects of production methods and alloying elements on the
icrostructure, mechanical properties, corrosion and physical
ehavior. The review is summarized as follows: Multiple-processing methods, such as mechanical alloying,
arc melting, plasma spray technique and laser cladding,
have successfully been employed in the production of HEAs.0 1 6;5(4):384–393 391
• HEAs hold the potential in a wide range of applications such
as functional and structural materials especially turbine,
nuclear and aerospace industries.
• The microstructure, mechanical, corrosion and physical
properties of HEAs were greatly altered with respect to
processing routes and addition of alloying elements.
Maximizing the potentials of HEAs will no doubt be a
motivating scheme for materials scientists to pursue. The
metallurgy of HEAs show that there is still a lot that is yet
untapped and unexplored for high performance applications.
Future research focus in the science of HEAs should be driven
in the direction of weight and cost reduction. Other processing
routes other than those mentioned in the review can be
explored in the production of HEAs. For example, HEAs can
be processed by a wrought process including homogenization,
hot/cold working, and annealing to eliminate casting defects
and improve microstructure. Presently, there are limited
literatures on the plastic deformability, fracture, creep, fatigue
and wear behavior of HEAs. Studies in this direction are
desiderata for a thorough understanding of its mechanical and
wear behavior; and hence functional use in load bearing and
contact applications.
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